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Foreword by the Author


Technological development is far away from being a straight and linear process, rather it follows a ramified and exponential growth as it is depicted at Figure 1. This also applies for the world of shipping, in which technological milestones were the first commercial gyro compass beginning of the 1910th, the first commercial shipborne radars mid of the 1940th, the installation of the first radio navigation beacons in the 1950th, the first electronic chart plotters mid of the 1980th, and eventually the approval of ECDIS mid of the 1990. Most of these new technologies were game changers in shipping, bringing along with them new regulatory contexts, higher efficiency in ship operation, new business opportunities and services, but ultimately a significant increase in safety of shipping.
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Figure 1: Accelerating growth in technology


Yet, the complexity of those advancements was somehow assessable (seen from the point of an end-user, not the technology behind), with clear phases of market introduction and onboard implementation. Whereas it looks like recent innovations in shipping are getting more and more complex on an operational level, and by this implementation takes place in a series of smaller, less “noisy” or noticeable steps. To a certain degree, this may be comparable to the introduction of smartphones in our common life (big bang), from whereon a continuous flow of new apps is coming up, comparatively silently. Sticking with the analogy of smartphones, in today’s perception, ECDIS seems to take this role of the hosting platform, with the potential to add more and more layers of information to it. Whether this method recommends itself as a feasible way, will be discussed later in this book.


E-navigation too, will come in smaller steps into our shipping-life, most likely in a series of novel applications. For sure, E-navigation is more than a technological development, yet technology and more specific digitalisation are the core elements of this - technological – revolution in shipping. More specifically, the ‘Maritime Connectivity Platform (MCP)’ as the maritime digital platform, the ‘Maritime Resource Name (MRN)’ as the identity authentication scheme for all stakeholders, the new data frameworks standards S 100 as the ‘Common Maritime Data Structure (CMDS)’ for digital data exchange, and technical specification of E-navigation services, all will be core underlying supportive technologies in moving toward such a maritime future through E-navigation. With some publications this future is phrased “shipping 4.0”, which leaves one wondering, whether 3.0 is phased out already1.


What we see ahead of us, is an ever-stronger integration of shore-based information platforms and services, and on a longer run the possibilities of new maritime technology evolution trajectories. E-navigation is also about new elements making up an Internet-of-Things (IoT) and Big-Data-Analytics (BDA) enabled digital service innovation capability, comprising digital shipping strategy, cyber-physical innovation resourcing, network organisation and culture, infrastructure control and data technology management. It is the authors’ opinion that introducing such advanced technologies should be beneficial to all stakeholders worldwide, and not remain the exclusive property or advantage of a specific company or country. This is because, to introduce these technologies in the world maritime sector and maybe beyond, global cooperation on interoperability and connectivity is essential.


This book at hands has been composed by Ralph Becker-Heins, in collaboration with Sunbae Hong as the peer reviewer. Both have a proven track record in the maritime industry as outlined in the following.


Ralph was an active seafarer, before he moved to the shore-side, running first a maritime classroom training centre, and later one of the world’s leading online-training companies (with a special focus on ECDIS-training). In parallel he was appointed ordinary professor for navigation at a German shipping university, and honoured professor at the Kherson State Maritime Academy, as well as visiting lecturer to other maritime organisations. His specialisation is digital navigation, where he published numerous technical articles and books. Admittedly, it was through Michael Bergmann, that he “learned the ropes” in the specific field of E-navigation, and Michael put him in the privileged position to contribute to international E-navigation related projects.


Sunbae brings the deeper expertise in the area of E-navigation, having published numerous articles on E-navigation and being a member of several industry and governmental organizations. As such, he held the position of Head of the Advanced Maritime Transportation Service Team from 2016 to 2021, responsible for developing, introducing, and operating SMART-Navigation policies in the Ministry of Oceans and Fisheries (MOF). Being deeply engaged in E-navigation subjects, he contributed to the chair for the IMO-IHO ‘Harmonisation Group on Data Modelling (HGDM)’ from 2017 to 2018, which developed the IMO’s standards regarding E-navigation service; the resolution MSC 467 (101) “the guidance on the definition and harmonisation of the format and structure of ‘Maritime Services’ in the context of E-navigation” and the circular MSC.1/ Circ. 1610 “Initial descriptions of ‘Maritime Services’ in the context of E-navigation. From 1996 to 2013, Sunbae engaged in maritime safety policies in MOF, such as AIS, VMS, SSAS, VTS, and IMO related international cooperation. He received his master’s degree in science in maritime affairs from the ‘World Maritime University (WMU)’ with his dissertation on E-navigation in 2015 and his bachelor’s degree in Engineering (Nautical Science) from the University of Korea Maritime Oceans in 1989. In addition, Sunbae also has a background as a navigation officer on board merchant vessels during the period from 1989 to 1993, including crude oil carriers.





1 In this context 1.0 refers to the era of sail-ships, 2.0 to engine driven vessels, and 3.0 to the industry revolution of digitalisation.
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Purpose of the Book


Although there are numerous publications on E-navigation, many of them seem to be either on a very technical and scientific level, or focused on a narrowed objective, or related to a particular project, or simply being outdated. What appeared to be missing, was a book on a rather generally intelligible level, encompassing the diverse aspects of E-navigation into a common centralistic framework, but still evincing the actual status and trends, but also possible prospects. Over a decade ago2 the International Maritime Organisation (IMO) has envisioned to take digital navigation from the ECDIS era to the next level. While the main goals are still standing, namely improving the flow of information between ship and shore to enhance safety, and also bringing efficiency gains and, indirectly, helping the environment, it seems timely, to take stock of what has been achieved, particularly in the light of the rate of technological change in the past decade.


Although one might feel that 2006, when E-navigation first was discussed within the international bodies, was just a few years ago, in terms of technological development massive changes have taken place since then. Just to recall some highlights of 2008: Google entered the browser business by releasing Google Chrome, it was discovered that artic melts, from airports to coffee shops Wi-Fi started to be for free, LRIT3 was formally incorporated, and Inmarsat had just launched FleetBroadband. All this took place not so many years ago, but in our subjective perception we feel, all this to be an ever-since part of our life.


What is common with all those above cited examples, is that they contributed to the comfort and safety of our lives, but also opened amazing new business opportunities for those who could read the signs4. Why is it, that
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Figure 2: Service provision vs. system definition


E-navigation “born” in the same decade, still seems to lack substantial impact?


In a first instance, the answer is quite simple: E-navigation is still missing the “killer” business case underpinned by a robust ROI5 on one hand, for instance the E-navigation equivalent to “Pinch to Zoom” or “Google Chrome” that can trigger potential users’ spontaneous purchase impulse.


Furthermore, due to the nature of IMO as an intergovernmental body, comprising of a group of 172 Member States, the significant controversies over “which should come first?” as illustrated in the Figure 2, requires more time to finalise guidance than in the private sectors. Even though the important aspect for a farmer (or a manufacturer) in running a farm (or in producing an E-navigation service) is not “which came first: the chicken or the egg?”, but to have both of them supplementing and causing each other.


And on the other hand, it is not yet matured to a state, where legislative bodies see such an impact on the safety at sea and the protection of the environment, that mandatory regulations on a larger scale are justifiable.


One of the risks is a scenario in which technological advances continue without proper coordination. In an unregulated environment, development of marine navigation systems might lack of standardisation onboard and ashore, incompatibility between vessels and an increased and unnecessary level of complexity, all leading to reduced public acceptance and concept sustainability.


Another risk, when implementing a new concept like E-navigation and changing business models to take advantage of the opportunities associated with that, is always a possible wrong path of the implementation. Even the best technological innovation may lead to fatal results if the development in the industry or in regulations are moving away from what seems to be set as “state-of-the-art”. Example of ignoring even more disruptive technologies and rather persist in one’s viewpoint are manifold, whether it is the downfall of Kodak, or the dramatic change in business case of TomTom.


In fact, nothing begins with perfection from the first time. In the book, selected research lighthouse-projects are described. Even though some leave some few imperfections unanswered, in an iterative approach they provide a more precise starting point for the next evolutionary step of E-navigation in the direction of Maritime 4.0 and other technology novelties such as autonomous ships (Maritime Autonomous Surface Ship – MASS).


Whatever direction E-navigation will take in the future, pivot to success will be the proper identification and embedding of user needs. Applications which users feel to be useful and address their needs will, through constant improvement, support technologies to evolve to core technologies, at least in a specific sector. Looking at the success of smartphones, they were the right applications, made available through this device, which eventually were driving the further technological development (increase memory capacity, improved camera, foldable display, et.). Eventually the technology of smartphones, supported by the “pinch to zoom” function, advanced to that one of miniaturised computers serving ever more user needs.


So, besides purely maturing the digital capabilities in shipping, it is important to choose the right balance between, standardisation, innovation, and sustaining business. It is essential to use technology business which will be usable for long enough not only the reach break-even, but to bring the necessary return on investment by increasing efficiency as well as customer satisfaction. This is where maritime players need the proper expertise to steer this process.


It is with this book, that a wider understanding of E-navigation shall be fostered, providing a structured overview on the progress made, what elements of E-navigation are practised already, and what are the next set and agreed targets. But beyond this, the book also wants to seed inspirations for possible starting points, which in turn will help to enhance the momentum of E-navigation in exploring new business fields.


With the above in mind, the book is targeted to


[image: ] lecturers and students at maritime colleges and universities wishing to keep their teaching up to date,


[image: ] active seafarers, who want to keep pace with recent development in the field of profession,


[image: ] stakeholders in the maritime industry and in maritime administration, supporting them with background information on the actual maritime developments for proper decision-making, and


[image: ] entrepreneurs monitoring the maritime business environment for business trends and upcoming investment opportunities.





2 More particular in 2008


3 Long-Range Identification and Tracking - LRIT


4 Just if someone wonders how this statement matches with melting of the poles, the thawing of the Arctic made the Northeast Passage (NEP) more attractive for the commercial shipping


5 Return of Investment (ROI)
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Definition and Distinction of E-Navigation


For quite a period, E-navigation was used as a buzzword with a rather vague delimination on what the term really meant. First, it was little bit more than a pure notion, and by the time only, filled with substance, which then eventually was poured into a mold by the IMO and its subcommittees, further supported by industry representative workgroups.


By the time, a common understanding of the scope of E-navigation emerged, what were the needs to be addressed, what kind of solutions were aspired by it, what technical facilities are required, and what are the options to make navigation safer through E-navigation. Over the last couple of years expedited by the COVID-19 pandemic the maritime sector, otherwise known to be a conservative industry, has experienced a valuable lesson on the urgency of digitalisation and its effectiveness. This is supported by the book ‘Maritime Informatics’ written by Mikael Lind (2020) [1] who describes the potential for ‘Maritime Informatics’ to enhance the shipping industry, and examines how decision-making in the industry can be improved by digital technology.


Yet, despite the rather broad approach on E-navigation, there are demarcations to differentiate it from other trends in the maritime industry, which either have a different objective or may even reach beyond the E-navigation ambit.


3.1 Definition of E-Navigation


An early description on what E-navigation is, can be found at the homepage of the Fisheries and Oceans Canada [1], dating back to January 2020:




E-navigation (electronic navigation) is the:


[image: ] use of high-tech equipment to analyse and collate maritime data


[image: ] electronic delivery of navigational information and communications





A more international definition was given by Soo Yeob Kim, director of Maritime Safety Department, at the Korea Maritime Institute [2]:




E-nav is defined as collecting, integrating, expressing, analysing, and exchanging the marine data between ships and the land in harmony through the electronic method for promoting navigation from a port (of departure) and a port (of arrival) as well as related services, protecting marine environment, keeping safe navigation, and maintaining marine safety and security





Eventually the final and official characterisation of the E-navigation concept was provided by the IMO, during the 85th meeting of its Maritime Safety Committee in 2008, after receiving substantial inputs from the industry and other relevant organisations (e.g., IALA and IHO) [3]:




1.1 E-navigation is the harmonised collection, integration, exchange, presentation and analysis of marine information on board and ashore by electronic means to enhance berth to berth navigation and related services for safety and security at sea and protection of the marine environment.


1.2 E-navigation is intended to meet present and future user needs through harmonisation of marine navigation systems and supporting shore services.





The same source [3] clarifies, that:




9.10 […] It is important to understand, that E-navigation is not a static concept, and the development of logical implementation phases will be ongoing as user requirements evolve and also as technology develops enabling more efficient and effective systems. […]





In analysing the above, it is interesting to note that any limitation to particular types of ships is absent, and by reverse argumentation any kind of vessel is therefore covered by the E-navigation definition. This means, E-navigation does include small non-SOLAS crafts like fishing, recreational or work-boats (which indeed is an initiative of the Republic of Korea), but also the upcoming ‘Maritime Autonomous Surface Ships (MASS)’. In summary, E-navigation is intended to be scalable across all vessels in order to improve safety for the entire maritime community.


3.2 Distinction of E-Navigation


E-navigation must not be confused with “digitalisation” or even “digitisation”. Both terms are describing processes which may be part of an E-navigation application, but taken alone, will not necessarily fulfil the requirements of the official E-navigation definition.


Broadly spoken, digitisation describes the pure transformation of data formats from physical to electronical. For example, the Admiralty e-Nautical Publications are basically scanned versions of the paper volumes (e.g. Sailing Directions, or Ocean Passages), but they miss to offer any additional features other than that this information can now be used by a computer system. Likewise, raster charts are just scanned copies of a paper chart, but without any additional information or (decision making) process behind it.


In turn, digitalisation in the field of ship operations refers to embedding digital data into a strategy or process that implies additional benefits to the user by integrating, analysing, and further processing the data, so that an advanced set of information with added value is presented. Returning to the example of Admiralty, the product line “Admiralty Digital6 Publications – ADP” serves as an example of digitalisation. Picking the “Admiralty Total Tide – ATT”, this tool offers automated tidal predictions (height and streams) by taking into account the own vessel’s under-keel and safe overhead clearances. To operate the ATT a user just needs to enter the location and the selected date for the location of interest, thus reducing the risk of human error. Another example is the introduction of ENCs, which enabled the process of hydrographic data processing and presentation though ECDIS, and thus did not only provide new features in chart handling and safety monitoring, but also added additional information lawyers to the display.


Of course, it is anticipated that there is an upcoming market for independent navigational mobile ‘Apps’, addressing various needs of the maritime users. Whether for navigation (e.g. Navionics, iNAvX), weather forecast (PredictWind, AccuWeather), cargo (e.g. Cargo Handbook), of for port capabilities (e.g World Ports). Indeed, such concept brings some gains, acknowledging that the development in the IT arena moves more towards modular micro-service architecture, encapsulating individual components for easier implementation and delivery with limited system wide impact. But unless the implementation of any approved (!) apps will take place in a harmonised way, such to ensure the smooth operation in a highly integrated environment, the app-concept is likely to fail to comply with the requirement, that “E-navigation is intended to meet present and future user needs through harmonisation of marine navigation systems”, as stated in its IMO-definition.


Therefore, as with the previous distinction, E-navigation must be correctly positioned on a range scale of industry complexity, where ECDIS symbolises the lower edge, and ‘Maritime 4.0’ marks the upper end. Continuing to use a figure of speech provided in section 0, E-navigation is a kind of ‘pinch to zoom’ enabler that allows facilitating ‘Maritime 4.0’. Here the analogy of the functional framework of ‘pinch to zoom’ translated into the context of E-navigation is the “4S” data exchange (between ‘Ship to Shore’ and ‘Ship to Ship’) based on the ‘Common Maritime Data Structure (CMDS)’ through ECDIS. In this context, the hierarchy between ECDIS, E-navigation, and ‘Maritime 4.0’ might explain that E-navigation is a digital framework to evolve the ECIDS from being a ship’s navigational part of the transport chain to become a ship’s digital platform for connecting the ‘Maritime 4.0’.


For sure ECDIS is one of the core components of the technical set-up onboard for E-navigation implementation, but E-navigation means more than just carrying ECDIS. Although the definition limits its scope to the ship’s navigational part of the transport chain due to the scope of the work assigned to IMO, the ripple effect of E-navigation is not limited to maritime safety and efficiency. Also, for the related industries outside the direct scope of E-navigation, E-navigation becomes an essential enabler leading and empowering other sectors’ evolution. For instance, looking at the aspect of ‘electronic means’ this ranges from straight forward digital data exchange between 4S (ship to ship, ship-to-shore), but can be expanded to include advanced and disruptive technologies to become part of the ‘Technical Services’ (see section 9.2.2 in this book), which in turn support the operational services (so-called 16 MSPs, (see section 9.2.1 in this book). Examples of such high-tech elements of ‘Technical Services’ are artificial intelligence (AI), robotics, virtual reality, and IoT devices and applications.


Ensuring the seamless digital data exchange through E-navigation across all partners, afloat or ashore, is a decisive foundation for the introduction and operation of the emerging digital technologies and industries, such as ‘Maritime 4.0’, ‘Maritime Autonomous Surface Ship (MASS)’, etc. On the other hand, ‘Maritime 4.0’ uses E-navigation as the digital infrastructure across different maritime sectors for achieving its goals. Goals, that reach beyond the operation of ports and ships in the sense of E-navigation and include innovative trends from industry sectors such as shipbuilding, hinterland logistics, ship financing, etc. Therefore, in interpreting these three, it is necessary to approach them from the perspective of an integrated and organic relationship that must be interlinked and harmonized, rather than a vertical relationship that is independent and replaced step by step.


3.3 Hierarchy of Electronic Navigation Concepts


For a better understanding the following graph illustrates the hierarchy of electronic navigation concepts in a very simplified way, from the very route-focused ECDIS-device to the paramount scope of Maritime 4.0. In the depicted graph, each ring additionally includes sub-systems in additional to the one shown inside the ring. But in the context of this book, it seemed sufficient to just display the one main scheme, representing the core application or concept of the encircled hierarchy.


Starting from the inner circle, since 2018 ECDIS is a mandatory and by
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Figure 3: Hierarchy of navigation schemes
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Figure 4: ECDIS workstation


this established tool, indicating the real-time own-ship position obtained from GNSS signals against the charted environment. Whilst ECDIS mainly serves the navigational tasks of Route Planning, Route Monitoring, and (when displaying AIS and radar targets) Collision Avoidance, ECDIS has the additional capability to include or directly link information from sources such as Admiralty Tide Tables, List of Lights, Sailing Directions, Radio Information or others in electronic format.
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Figure 5: Chart-table


On the next level, so-called chart-tables or planning stations enrich ECDIS information by additional data and intelligence to offer the navigator a more paramount and synergistic navigational planning tool and situation awareness overview. In common use are sources such e.g. Admiralty e-NPs and ADPs, actual weather reports and forecasts, bathymetric depth-data, libraries of legal and other references, T&P notices, etc. Based on such symbiotic enhancements, smart tools like automated route planning or real time route re-checking can support the operator’s tasks.


In the next ring, INS combines features of the chart-table with even more advanced data deriving mainly from radar, ARPA, together with the prioritising alert panel. Information and operational actions are grouped into tasks such as route planning, route monitoring, collision avoidance, navigation control data, status and data, and eventually navigation related alerts from the Bridge Alert Management.
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Figure 6: INS fitted bridge


Depicted in the 4th ring, IBS adds to the navigational focus of INS more aspects of ship operations, which relate to the whole bridge functionality. Integrated are areas such as communication, machinery control, cargo planning and ship stability monitoring, automated track and speed control, safety and security, but also systems for crew and stocks administration and management.7


At the second outer ring, E-navigation is located. Here, digitalised data transfer between ships on one side, and shore-based organisations on the other side, offers a wide spectrum for new processes, services, and applications, all targeted to enhance the safety of sea traffic and the protection of the environment, but at the same time creating new business opportunities and increasing the economic efficiency of the maritime trade.
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Photo: Eduard 47, licenced under CC BY-SA 4.0 Figure 7: Integrated Bridge System





Eventually, the last circle represents the industry-wide reformation into the next evolutionary step – Maritime 4.0. Its scope is reaching far beyond the safe navigation of ships and next to shipping encompasses industrial sectors such as shipbuilding, ports, but also ‘Blue Technologies’ in general. Driven mainly by technology enablers, Maritime 4.0 will change not only processes or concepts, but also the way of business and social life. The advent of smartphone into our daily life is an example per excellence how disruptive technology can revolutionise business concepts, but togetherness. The analogy to smartphones also demonstrates the rapid pace by which such technology can be adopted.
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Figure 8: E-Navigation landscape



[image: ]Figure 9: Maritime 4.0 industry transition






6 Here, the word usage “digital” is misleading, as the products are a digitalisation endeavour. Yet in the old days, “digital” once was used for “digital transformation”, and “digitalisation” was called “computerisation”, but nomenclature changed as fast as the technology did.


7 It must be noted that from a regulatory point, INS is not a prerequisite for an IBS. Here just any two ‘Operational Areas” must be covered. Yet, in practice to have INS as a starting point for further integration is nearly inevitable.
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Historical Development and Lighthouse Projects


Alike with other development in shipping too, E-navigation was developing double-tracked. After the introduction of ECDIS, manufacturers, in seeking to differentiate their product from the competition, were developing additional features and tools, on top of the minimum requirements as per the ECDIS Performance Standards8. At the same time the industry strengthened its efforts in optimising port operations and connect the digitalisation at ports with those onboard the ships. As a result, for example cargo stowage onboard became connected with terminal operating systems and by this enhancing operational efficiency.


In parallel, the regulatory bodies had E-navigation on their own agenda. In striving for a better concept to streamline the exchange of data between vessels as required by the FAL Convention by electronic means, a framework like E-navigation was helpful. On a different token, the existing data model for hydrographic data had become too limited for new appliances. Thus, a new geospatial data model was needed, which not only was more versatile but also was compatible with existing geospatial data structure already in use with other industries.


4.1 Industry Driven Development


Already before the official introduction of E-navigation in the early 2000s, there were numerous solutions on the market, which retrospectively can be seen as ‘predecessor’ systems to E-navigation. For sure, ECDIS was one of the major germ cells for additional navigational applications, using ECDIS as a hosting system. When ECDIS was approved to meet the SOLAS carriage requirements mid of the 1990s, soon after, manufacturers started to add (more or less useful) additional application tools, either
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Figure 10: Weather rooting


directly implementing or exporting further information into ECDIS.


At around 20099 providers started to offer weather routing services to the bridge teams, in order to assist the crew in choosing the safest and most efficient sailing route. Such systems indicate i.a. wind, waves, surface currents and support the ship command in finding the safest and at the same time most efficient route.


Also hosted on ECDIS are specialised chart overlays to indicate ice conditions at polar regions, high resolution bathymetric charts in confined waters, or dynamic tidal information - all services referring to ‘Earth related data’ as they are listed under the so-called “Maritime Services’ in section 9.2.1.4 of this book.


Other than the above listed, there are overlays displaying piracy risk areas, tidal information, NAVTEX messages, or even charter party performance.


In 1987, the ILO, by its convention 163 [4], introduced the ‘Maritime Telemedical Assistance Services – TMAS”, aimed to offer remote assisatance for the medical treatment of seafarers at sea. Whilst in its early
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Figure 11: Bathymetric chart


days such services were mainly performed by marine radio, e-mail, telephone or fax, with evolving technologies and communication methods, more sophisticated and enhanced onboard medical capacities have been established, which can include state of the art medical diagnostic tools. Mid of the 2010s, systems were available which combined portable onboard medical equipment with real-time video and data links to doctors on shore. Meanwhile, TMAS has become part of the Maritime Service portfolio under the E-navigation concept as further described in section 9.2.1.3 later in this book.
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Figure 12: Telemedical device


Common with all the above exemplarily selected services or tools, is their status as early market ‘predecessors’ to the later evolving concept of E-navigation. Where not yet regulated beforehand, E-navigation brought the necessary harmonisation and standardisation with regards to technical frameworks as well as connectivity and compatibility issues, which eventually enables seamless world-wide interactions of those components across a diversified fleet and shore-stations.


4.2 Regulatory Development


In identifying, that a lack of standardisation on board and ashore would lead to increased and unnecessary levels of complexity and incompatibility between systems, as one of the first steps on the part of the regulatory bodies, a group of member state, including Japan, Marshall Islands, Netherlands, Norway, Singapore, UK and USA proposed a request10 to the work programme of the IMO Maritime Safety Committee on the development on an E-navigation strategy, in December 2005. Essentially, they requested to develop a strategic vision for the utilisation of existing and new navigational tools, in particular electronic tools, in a holistic and systematic manner. Following the suggestion, MSC delegated the two (former) subcommittees NAV (Safety of Navigation) and COMSAR (Radio Communications and Search and Rescue) to build a ‘strategic vision’ within their associated work programmes and report the results during a MSC session 2008.


Following this mandate, the NAV Sub-Committee in co-operation with the COMSAR Sub-Committee and with the valuable input especially by IALA11, AMSA12, and IHO worked on a ‘Strategy for the development and implementation of E-navigation’13, together with a submission for ‘Time frame for implementation of the proposed E-navigation strategy’14. Remarkable intermediate stages were, when in 2006 E-navigation was added to the NAV 52 work programme, where as an outcome a ‘Correspondence Group (CG)’ was established, which reported back to NAV 53 in July 2007. Respectively, both, strategy15 [3] and framework16 then were approved by MSC in 2008. Through these documents, IMO had agreed to the definition and core objectives of E-navigation that are still valid today.


Since then, IMO took several actions and amended plans and timelines as needed and appropriate. At NAV 59 in September 2013 the IMO re-established the Correspondence Group on E-navigation under the coordination of Norway. The Correspondence Group completed a report in


March 2014 which was discussed at the inaugural meeting of the IMO’s Sub-Committee on Navigation, Communications and Search and Rescue (NCSR) in July 2014 and passed to the MSC meeting in November 2014. Based on the report17 submitted by the CG in 2013 [5], MSC at its ninety-fourth session in November 2014, approved the E-navigation ‘Strategy Implementation Plan (SIP)’, outlining a framework and a road map of tasks that would need to be implemented or conducted.


Finally, the IMO/IHO ‘Harmonisation Group on Data Modelling (HGDM)’ was established in 2017, and the group completed the development of the draft MSC resolution and circulars on the E-navigation services, including the related data structure and technical aspects, through two years of work between 2017 and 2018, which was adopted in June 2019 at the MSC 101 session. However, it’s conceivable that E-navigation slipped down the list of priorities at the IMO owing to the excitement surrounding green-shipping or autonomous ships, among others. As pointed out in session 3.2 of this book, it should be noted that E-navigation is not located independently of future advanced digital technologies, including Maritime 4.0 and MASS, but rather based on the digital framework required to introduce these technologies. Otherwise, interoperability and harmonisation between E-navigation, ‘Maritime 4.0’, green-shipping, and autonomous shipping could risk rethinking. To continuously review this, an agenda for avigation should be maintained under the NCSR18 subcommittee.


Given that by the time the relevant reports and resolutions formed a hardly to understand conglomerate of documents, and to add the prioritised tasks to the SIP, an update19 to the SIP was released in May 2018. This update also reproduces some of the earlier relevant publication so as to provide a holistic compendium.


4.3 Landmark Projects


To a major part, the development of E-navigation was driven by the industry, of course with the blessing of funding institutions (such as the EU Commission and the EU countries). A string of ground-breaking projects paved the way, outcomes of which are still marking milestones in the present implementation status. Below a selection of remarkable projects related to E-navigation is composed. Of course, the list is arbitrarily and by no means claims to be exhaustive. In particular, projects with a very regional reach, although for sure valuable for the territorial waters in question, have been omitted. Nevertheless, also from the remaining projects, a considerable number is focused on solutions for a certain territory only.


Where there was a series of programmes under one initiative, the author marked in italic characters the main supporting part, according to his appraisement.


In Figure 13, the chosen landmark projects are arranged on a timeline to visualise their chronological sequence. Noticeable, ATOMOS started as early as 1992 as a very early pioneering project, well ahead of its time. Then, after some gap and starting with EfficienSea 1 and MonaLisa 1, a rather dense conglomerate of projects is noticeable between the years 2012 and 2020. Although the list contains projects as well from the Republic of Korea or Japan, the majority of projects were launched by European initiatives.


Figure 13: Landmark projects on a timeline
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Underneath the timeline the author marked the years, when major regulatory documents were adopted. The question arises, whether those regulatory actions were the results of project activities, or whether the regulatory organisations first had to clear the way, and create a ‘playground’ and environment, in which funded projects could be placed. To the opinion of the author, the answer to this question goes in hand with the availability of project funding opportunities. Here the cat bites its own tail, with public calls-for-proposals being designed based on the regulatory funding scheme priorities.


Having stated the above, for sure the available funding instruments also had an impact on the commitment of public co-financed projects. It is perhaps against this background, that the dominance of projects from the European Union can be explained, where powerful financing instruments were in place such as the series of European Union’s Framework Programmes under the ‘Horizon 2020’ umbrella, or Regional Development Funds.


Common to nearly all the projects is the fact, that the projects, more or less, address needs of the public administration, rather than creating a business case directly for the end-users (the crew onboard, the ship operators, the port operators, etc.).


An answer to the ‘hen-or-egg’-question tabled earlier, may be given by a maritime expert [6], posting the following statement:


Currently, many of the E-navigation projects being performed around the world are initiated by authorities, governments or international organisations like EU, IALA, etc.. Hence, they have a starting point in the regulatory work and they focus on improving sea space management, reporting to authorities and sea traffic management, which are all important areas to develop, but they focus on the needs of the authorities. However, the business case for the ship owners is only partly buried in these projects as the commercial benefits in terms of optimisation of operation and cost reduction in relation to investments into equipment and maintenance thereof is where the real advantages are to be found.


4.3.1 ATOMOS


4.3.1.1 Project Details





	Long title:

	Advanced Technology for Optimising Manpower on Ships





	Context:

	The merchant fleets of many countries worldwide have experienced a significant decline of competitiveness over the years. Loss of competitiveness is due to the fact that ships in these fleets are generally more expensive to operate than other ships, and shippers prefer the latter because of cost considerations.





	ATOMOS

	
Period: 1992 – 1994 Funding: European Commission, EURET transport R&D programme (3.0 MECU) Partners: 9 partners from Denmark, Greece, United Kingdom, and Germany Description: To maintain the competitiveness of the maritime sector, new technologies must be introduced. This has been the subject of several RTD projects, notably the first ATOMOS project, which proved that the use of advanced Integrated Ship Control systems is a likely solution. Realising that manning costs are frequently a major percentage of ship operating costs, one of the measures that has been contemplated by many countries in order to help reverse this trend has been the design, development, and operation of highly automated ships manned by reduced crews.





	ATOMOS II

	
Period: 1996 - 1998 Funding: European Commission, 4th Framework programme (3.3 mio €) Partners: 11 partners from Denmark, Italy, Greece, United Kingdom, Germany, Netherlands, and Spain Description: ATOMOS II was a continuation of project ATOMOS. The scope was to enhance maritime safety and efficiency by combining a serious evaluation of user needs with the solid technology development skills of European marine automation companies. In order to achieve a demonstrable improvement in European





	ATOMOS II

	maritime safety and efficiency the project had two objectives: Ship Control Centre Design and Assessment Integrated Ship Control Design and Assessment





	

	
Period: 1998 - 2000 Funding: European Commission, 4th Framework programme (1.9 mio €)


Partners: 30 partners from Denmark, Italy, Greece, Germany, United Kingdom, Netherlands, Spain, Norway, France, Portugal,





	ATOMOS III DISC II

	 Sweden, Belgium


Description:


The project’s direct objective was to support, further and participate in the creation of a single European Standard for ‘Demonstration of Integrated Ship Control (DISC)’ catering for an enhancement of maritime quality in terms of safety, reliability, efficiency and competitiveness.


DISC II was physically and logically linked to ATOMOS II and therefore often referred to as ATOMOS III.





	ATOMOS IV

	
Period: 2000 – 2002 Funding: European Commission, 5th Framework Programme (GROWTH) (4.0 mio €) Partners: 12 partners from Denmark, Sweden, Italy, Greece, Germany, United Kingdom, Netherlands, Spain Description: The ATOMOS IV project main objective was to bring the benefits of advanced computer and control technology to he European Fleet in the fastest and most cost-effective manner possible. Since the EU Fleet was not at the time being actively renewed, technology introduction through new building was slow. However, whilst most ship equipment has a long operational life, control systems based on computers in general become outdated within a few years of installation. If a reliable process for replacing this technology with new systems is made available, the effectiveness and safety of a vessel could be enhanced several times during its operational life. Therefore, the development of a methodology for retrofit of the European Fleet was the primary goal of ATOMOS IV.







4.3.1.2 Relevance to and Impact on E-Navigation


ATOMOS research had found that ships with a low number of crew, but equipped with ATOMOS technology is more competitive than a similar vessel equipped with conventional technology. A further result of the research is that modern, low-manning, high-tech ships are (at least) as safe as conventional ships”.


It already focused on core elements of later E-navigation. For example: “The aim was to develop and integrate voyage planning, track planning and navigation tools such as electronic sea charts and situational analysis in order to minimize manpower needs and operator workloads in the ship control centre.”


It is common sense, that ATOMOS can been seen as the starting point, from where the concept of E-navigation began to take form. Especially in the field of communication networks ATOMOS had a strong influence which led to IEC 61162-450. Furthermore, ATOMOS was the originator of an ISO standard on the development and use of programmable electronic system on-board ships (ISO 17894:2005 Ed. 1).


4.3.2 EfficienSea


4.3.2.1 Project Details





	Long title:

	Mot





	Context:

	The EfficienSea projects and the two MONALISA projects investigated Sea Traffic Management (STM) as a way to optimise ship traffic that might satisfy safety and efficiency demands as well as the demands for lower emissions.





	

	
Period: 2009 – 2012 Funding: InterReg IVb Baltic Sea project (8.0 mio €) Partners: 16 partners from six countries in the Baltic Sea region: Denmark, Finland, Sweden, Norway, Estonia, Poland Description: The project developed, standardised and demonstrated new solutions that filter out irrelevant navigational information





	

	and portray important ship operational information in a user-friendly manner, bringing these solutions very close to full implementation in commercial equipment.





	Efficien-Sea

	One of the main objectives of the project was to introduce and arrange for its initial implementation of the “Maritime Cloud” concept. Already through several other E-navigation related projects, such as ACCSEAS and Mona Lisa, the Maritime Cloud proved its value as a service provision platform.





	Efficien-Sea2

	
Period: 2015 – 2018 Funding: Societal Challenges - Smart, Green and Integrated Transport (9.8 mio €) Partners: 37 partners from Sweden, Norway, Finland, Denmark, Estonia, Poland, Germany, France, Austria, Malta, the UK, and Latvia Description: By improving the connectivity for ships, EfficienSea2 has created and implemented innovative and smart solutions for efficient, safe and sustainable traffic at sea. With an extended area of the Artic Sea additionally to the Baltic Sea, the project has been a demonstrator for the first generation of a coh erent E-navigation solution. Through global collaboration, use of open-source software and an explicit aim for standardised solutions, EfficienSea2 aimed to contribute for a global propagation of E-navigation.





	

	In EfficienSea2, the ‘Maritime Cloud’, a concept proposed within the first EfficienSea, was refined. In order to further upgrade the ‘Maritime Cloud’, partners cooperated with experts from the STM Validation (European Union) project and the SMART-Navigation (South Korea) project. As a result, the ‘Maritime Connectivity Platform (MCP’) was created.





	

	Since the MCP cannot work effectively without appropriate efficient communication tools particular project-works were on one hand the research into the physical infrastructure of connecting ships for the exchange of data, and how adverse conditions (such as solar storms) might affect the propagation





	

	 of the communication signals, and on the other hand advancing of the VHF Data Exchange System (VDES). VDES is a new standard of maritime wireless data transmission in the VHF band and the development of its technical specification was one of the tasks of the EfficienSea2 project.





	Efficien-Sea2

	In addition to the development efforts also relevant tests were carried out, most of which took place in the area of Busan seaport in South Korea. During these tests, it was checked whether a foreign vessel (in the experiment, it was a Danish one) which had never been to Busan before, would be able to moor at the port using the MCP data only. To do so, the vessel had to pass identification in the MCP, find the mooring service in the registry of services provided by the seaport, and then, using the messaging service, choose the cheapest channel for data transmission and receive the required recommendations via this channel. The test was completed without any problems. [7]
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